Abstract
Introduction
While the efforts to control global warming are being strengthened all over the world, expectations are increasing for expanding deployment of CCS and CCUS to coal fired power plants. IHI has been working on development of oxyfuel combustion technology since 1989 with the aim of easily capturing and storage CO2 emitted from coal fired power plants. For the demonstration of oxyfuel combustion technology, IHI participated in the Callide Oxyfuel Project with collaboration between Australian and Japanese partners under the financial support of Australian, Queensland state and Japanese governments. In the project, the oxyfuel combustion process was applied to the existing coal fired power station in Queensland, Australia, and the demonstration was carried out and successfully completed without any significant technical barrier to commercialization in March, 2015.
Oxyfuel system and Callide Oxyfuel Project
In oxyfuel combustion, oxygen is separated from air and used for coal combustion, and CO2 rich flue gas can be obtained. In order to apply this technology to existing airfiring boilers, a part of flue gas is recycled and mixed with oxygen so that the equivalent heat absorption in the furnace can be achieved in oxyfuel combustion to conventional airfiring. The CO2 rich stream is conveyed to the CO2 Purification Unit (CPU), where the impurities are removed to obtain CO2 with required specifications. The above process was demonstrated in the Callide Oxyfuel Project and the following outcomes are obtained. 1. The equivalent heat absorption in the furnace was able to be achieved when operating with an inlet O2 content of 27 vol%. 2. A significant, typically 60%, reduction of the amount of NOx in the flue gas was confirmed in oxyfuel combustion. This has important implications for the CPU design. 3. Volumetric flow rate of flue gas at boiler system outlet was reduced typically by 60% to 70% in oxyfuel combustion, which gave a proportionate increase in the CO2 content of the flue gas from ~ 15 vol% (dry) in airfiring mode to 70 to 80 vol% (dry) in oxyfuel mode. Since this CO2 concentration was obtained without any countermeasures to prevent air ingress from the atmosphere, it will reach to around 90 vol% (dry) with them, resulting in the reduction of compression energy at the CPU. 4. As properties of CO2 at the CPU were within the targeted specifications, CO2 product from the Project was injected into the Paaratte formation in the CO2CRC's Otway Basin in Victoria to investigate the geochemical effects of impurities comparing CO2 (normal product) and CO2 with impurities added.
5. Callide Oxyfuel Project, whose scale was 20 t/h in coal feed rate, was successfully conducted based on the results at a 0.1 t/h pilot-scale test furnace. The next scale up of oxyfuel technology could be to full commercial scale of ten to twenty times larger than Callide Oxyfuel Project.
Technical Research and Development
Callide A Power Station was constructed in 1960s and there were some different equipment with current coal firing plants. For example, Callide A power plant used tubular type heat exchanger, beater mills, fabric filters, no DeNOx and no DeSOx. Therefore IHI has been working on research and development about characteristics of roller mills and electrostatic precipitators (ESP) for the flexibility of plant design of oxyfuel power plant using combustion test facilities.
Drying and grinding characteristics of the roller type mill in oxyfuel combustion was tested and Table 1 shows the test results of mill performance at both airfiring and oxyfiring. The results shows that moisture content in the mill inlet gas was high and the slightly smaller moisture content in the raw coal was released during the drying and grinding in the mill. The results also suggest that the mean particle size of the pulverized coal under oxyfiring was larger on the order of several microns. As the results, the difference of combustion mode has a subtle influence on mill performance such as moisture content and particle size of the pulverized coal, and it will be very small impact (or almost no impact) on the boiler performance like combustion characteristics, heat transfer and so on.
For the ESP, the dust collecting performance at both airfiring and oxyfiring conditions were confirmed. Table 2 shows the test results. Dust collection efficiency at oxyfiring is a little bit higher than that at airfiring. This is considered to be due to the decrease of the gas volume, the decrease in the electric resistivity at oxyfiring compared with airfiring, and so on. The electric resistivity of the ESP hopper ash at both conditions was measured as shown in Figure 1 . The electric resistivity at oxyfiring is lower, because moisture and sufate adhered to the dust surface was increased at oxyfiring.. Next step Feasibility of the new oxyfuel combustion power station in Australia and the application of oxyfuel combustion technology to the existing coal fired power station in Canada were studied supported by NEDO, New Energy and Industrial Technology Development Organization. For commercialization of the oxyfuel process, technical demonstration has already been successfully completed in the Callide Oxyfuel Project and it is thought that it has crossed over one huge hurdle, but in introduction the market, economic efficiency is one of the major problems. As a measure for finding this economy, since we can consider that introduction of carbon pricing can be drive by legally because oxyfuel process can reduce emission CO2 to almost zero. In addition, N2 can be produced simultaneously in the oxygen production process in oxyfuel power plant. So it can be an economical advantageous plant by effectively utilization (=selling). Also, CO2 is utilized in CO2-EOR (Enhanced Oil Recovery) to increase the production of oil fields with reduced production, while N2 is used for large scale to fracturing (artificial cracking technique in shale) at shale gas extraction. Figure 2 shows a proposed business scheme centered on oxyfuel power stations. Since the air separation unit and the CO2 purification unit are installed in the oxyfuel power process, it is also necessary to continue to make efforts to reduce the cost of these units and reduce the necessary power, as well as to introduce and disseminate these technologies. Finally, it is a task to realize the demand for CO2 emissions reduction through legislation, regulation and securing incentives for CO2. 
